This work clarifies the relation between Maxwell, Dirac and Majorana neutrino equations presenting an original way to derive the Dirac and neutrino equation from the chiral electrodynamics leading, perhaps, to novel conception in the mass generation by electromagnetic fields. In the present article, it is shown that Maxwell equations can be written in the same form as the two components Dirac and neutrino equations, that is the vector representation of electromagnetic theory can be factorized into a pair of two-component spinor field equations. We propose a simple approach with the electric field E parallel to the magnetic field H . Our analysis is based on the chiral or Weyl form of the Maxwell equations in a chiral vacuum. This theory is a new quantum mechanics (QM) interpretation for Dirac and neutrino equation. The below research proves that the QM of particles represents the electrodynamics of the curvilinear closed chiral waves. Electromagnetic properties of neutrinos are discussed.
Introduction
Maxwell's equations can be formulated in a number of diferent spinor representations: a) as a single four-component spinor equation whose transformation properties are almost identical with those of the Dirac equation; b) as a pair of uncoupled two-component spinor equations, in two different representations. One of these is similar to the Weyl equation for the neutrino field and the other to the two-component spinor form of the Dirac equation; c) as a single equation in which the field variables are 2 × 2 matrices. In terms of new field variables corresponding to chiral equations, we derived the Dirac equation and we reconsider the two-component Majorana equation. By making use of the chiral operator c defined in Sections 2 and 3, we construct these equations with a mass term in a novel and manifestly covariant way, which reveal its intimate connection with the chiral electromagnetism.
T
To do that, we must considerer the chiral vacuum. After the discovery of the weak interaction that violates parity (spatial reflection), we addressed the question on whether there may be any empirical evidence for the violation of parity in the electromagnetic interaction. If the chiral vacuum is take into account, then there is an implication in the experimental results that the electromagnetic and the nuclear forces also violate space-reflection symmetry, as well as time reversal symmetry.
The chiral vacuum is intended to explain the relation between electrodynamics in anisotropic material media and its analogous formulation in spacetime, with nonnull Riemann curvature tensor. The electromagnetism can be discussed via chiral differential forms, we point out the optical activity of a given material medium, closely related to topological spin, and the Faraday rotation, associated to topological torsion. Both quantities are defined in terms of the chiral magnetic and electric field.
In order to investigate the propagation of electromagnetic waves in material media, we think that it is analogous to consider the electromagnetic wave propagation in the vacuum, but in a curved spacetime, which is obtained by a deformation of the Lorenztian metric of Minkowski spacetime. Also, there exists a close relation between Maxwell equations in curved spacetime and in an anisotropic material medium, indicating that electromagnetism and spacetime properties are deeply related [1] . Besides, the geometrical aspects of wave propagation can be described by an effective geometry which represents a modification of the Lorentzian metric of Minkowski spacetime, i.e., a kind of spacetime deformation, that is a chiral vacuum. While the left circularly polarized (LCP) wave is transmitted straight through the chiral medium with no reflection and no refraction, the right circularly polarized (RCP) wave is scattered. The reverse can also occur. We call this effect as the chiral vacuum.
The chiral vacuum can be understood physically as follows. The polarization and magnetization of chiral medium is represented as a sum of electric and magnetic contributions, i.e., and e m . When the condition e m   P P P i    M M M E H is satisfied, the electric and magnetic contributions cancel each other out for one of the circular polarizations, and is achieved. Thus the medium is equivalent to a vacuum only for one circular polarization [2] [3] [4] [5] .
A chiral medium can create an anisotropic electromagnetic environment, which leads to anisotropic quantum-vacuum fields (and observable quantum-vacuum effects) and the physical effects resulting from the quantum-vacuum fluctuation of left-and right-handed polarized modes will no longer be exactly canceled [6] . The aim of this work is to construct the Dirac equation and the neutrino equation in the Weyl representation through Maxwell's equations in the chiral formulation. This possibility occurs only when the E field and H field are spatially parallel and the field distribution can generate mass. These fields are circulatory and stationary and under this condition we have no radiation and the vector Poynting  E H is zero. In Section 2, the Dirac equation in the Weyl representation is constructed through chiral Maxwell equations. In Section 3, we derive two spinor neutrino equations. The chiral electromagnetic neutrino is discussed in Section 4.
The Matrix Form of Chiral Maxwell Equation: Dirac Equation
The author of ref. [7] claims that no Maxwell-Dirac equivalence (MDE) may exist because F has six (real) degrees of freedom and ψ has eight (real) degrees of freedom. Here we show that it is possible to transform the Maxwell equation from six real components to four complex components and in this form to obtain two spinor equations in the Weyl representation. First, we will consider the Maxwell equations for a sourceless anisotropic chiral homogeneous medium following [8] [9] [10] [11] [12] [13] , but with the time variation as: . c is a chiral parameter so the Maxwell's equations without charges are expressed as [14] [15] [16] [17] :
If we multiply (4) and (1) by i 1 and add them respectively to (2) and (3) we get div 0  F (5) and
where
Here, rot    , c is the chiral scalar parameter, T  is the frequency and is the light velocity. Application of rot to (5) and (6) 
This chiral wave equation represents an equation of fourth order. For engineering of radiation and applications with artificial chiral metamaterials designed and fabricated at difference frequency ranges from microwaves to optical waves, the condition is where we have the well known second order equation for chiral wave propagation [13] . Under this condition usually the E field and H field are not spatially parallel. Here we consider the new condition 
where Equation (8) is transformed from a fourth order equation to a first order one.
and the electric field is parallel to the magnetic field i  E H . In terms of magnetic and electric polarization Equation (10) is equivalent to . , In this case we obtain the linear Beltrami Equation (10), which will be used to construct the Dirac equation in chiral or Weyl representation.
In [15] , it was shown that the ordinary Dirac equation is equivalent to the chiral quaternionic equation
and the Maxwell Equations (5)- (8) are equivalent to the pair of chiral equations when the electric field E is parallel to the magnetic field 
Equations (11) and (12) are equivalent to the quarternionic chiral Dirac equation obtained in reference [15] , here D m m  the Dirac mass. Solutions of (11) and (12) may be called the Beltrami fields (see, e.g., [13] ). R and L, subscripts are associated with circularly polarized photons (right or left-handed spirals or chiral photons), that is photons that have closed trajectories to form standing waves that generate mass. If , the Dirac equation in chiral or Weyl representation is
In the chiral Dirac field 
Wave Equations in the New Representation: Neutrino Equations
If we write the Equations (5) and (6) 
The description of electromagnetic phenomena in terms of a spinor language, leads to a generalization in the sense that the new formalism can make more predictions of physical observables than does the vector formalism. Some of these predictions are in one to one correspond-dence with all of the physical predictions of the vector representation of the theory. But the remaining predictions of the spinor theory have no counterpart in the vector theory [14] [15] [16] [17] , e.g., the condition of E H .
The factorization of Equation (8) is analogous to a consequence of Dirac's factorization of the Klein Gordon equation, leading, for example to the energy coupling term  H  , which has no counterpart in the scalar formalism. The representation of the  matrices of Equation (13) is inappropriate for the factorization of Equation (8) in two spinor equations. However Equation (13) can be reducible if we carry out the similarity transformation 
Then we get the new representation 
Also, we write
If we use a representation of the spin matrices  in 
Copyright 
Here, we use the spinor expression
We can now write the wave Equation (15) The difference is that in the present case the two equations are coupled through the chiral condition
when Equation (8) is factorized to Equation (10) and  E H . Now we are in conditions of generalize the concept of chirality. A chiral vacuum is defined as a vacuum for which the constitutive parameter c T is a matrix. Such assumption would imply the chiral vacuum and therefore the universe itself may not have a center of symmetry.
To see how the mass term appears, from Equation (10) and Equation (6) 
Then, Equations (15a, b) are
Equations (16a) and (16b) are equivalents to the Maxwell system (5)- (10) . Equations (16a) and (16b) was diagonalized following [8, 10, 11] and defining
where the unitary matrix is given by (14) .
Thus, the two-component neutrino theory of Lee and Yang and of Landau can be obtained from (16a) or (16b). Also, it can be shown that for the free neutrino, their equations are equivalent to the Majorana equations, and thus are invariant under the full Lorentz group [18] [19] [20] .
The electromagnetic interactions of neutrinos   c T can generate important effects, especially in astrophysical environments, where neutrinos propagate for long distances in magnetic fields both in vacuum and in matter. In the next section we discuss this problem
Chiral Electromagnetic Neutrino
Dirac introduced the concept of antiparticles [21] . Now we know that for every particle there is an antiparticle.
However some particles could be self-conjugate, in the sense that particle and antiparticle could be the same. Of course such particles have to be electrically neutral.
The possibility of a self-conjugate fermion was first pointed out by Majorana [22] , and hence they are called Majorana fermions while the other fermions (with distinct particles and antiparticles) are called Dirac fermions, Equations (11a) and (11b) [23] . Among the fermions of the Standard Model, only neutrinos are electrically neutral and hence qualify to be Majorana particles. But it is still an open question whether neutrinos are Majorana particles or Dirac particles. In our theory we can discriminate this situation if If neutrinos are Majorana particles, lepton number L is not conserved and this opens the door to generate an excess of leptons over antileptons in the early universe which can subsequently generate an excess of baryons over antibaryons, thus explaining how after annihilation of most of the particles with antiparticles, a finite but small residue of particles was left, to make up the present Universe.
To obtain the Majorana equation, the correct statement is an equation like Equation (16b)
In the following, we will rename the field 2
Such that we can write Equation (18) in the chiral rep-
where the symbol c denotes charge conjugation as it is defined in the chiral representation. Now we can define a neutral four-component field
Hence we have
Equations (12) and (23) support the see-saw mechanism to explain why the neutrino masses, although not zero, are so tiny. With our theory, using Equations (12) and (23) it is possible to obtain a matrix mass
The see-saw mechanism is a generic model used to understand the relative sizes of observed neutrino masses, of the order of eV. See-saw mechanism may be the reason for the smallness of the neutrino mass . Here, is natural, since a
 mass term is forbidden by the SM symmetries, D m generated by the Higgs mechanism can be taken the order of the charged lepton masses and R m is not "protected" by the SM symmetries, and can be taken large.
If with 1 eV m   R D we obtain two Majorana particles, an electron neutrino light and a sterile heavy one . In addition to the nonzero neutrino masses and mixing angles, the nonzero magnetic moment
 is another property of neutrinos beyond the standard model of particle physics. The importance of   was first mentioned by Pauli [23] . Systematic theoretical studies of neutrino electromagnetic properties started after it was shown that in the extended Standard Model with right-handed neutrinos the magnetic moment of a massive neutrino is, in general, nonvanishing and that its value is determined by the neutrino mass [24, 25] .
If neutrinos have a nonzero magnetic moment, it leads to precession between left and right-handed neutrinos in sufficiently strong magnetic fields [26] . In general, nondiagonal elements of the magnetic moment matrix are possible and neutrinos can be changed into different flavours and chiralities, see Equation (24) . Furthermore, with the additional effect of coherent forward scattering by matter, neutrinos can be resonantly converted into those with different chiralities.
For a neutrino mass smaller than 1 eV, a Dirac neutrino has a non-zero magnetic moment proportional to the neutrino mass, that yields a very small value for the magnetic moment, [24] [25] [26] [27] . The main problem in distinguishing Dirac from Majorana neutrino is the lack of neutrino with positive helicity. One way is to reverse the spin of the neutrino in an external magnetic field. The problem is that we need large neutrino magnetic moments and large magnetic field to obtain visible effects. However with our theory it is possible to reverse the spin using laser technology to have sufficient energy density to generate Dirac electron    . The terrestrial experimental constraints have been improved by only one order of magnitude during a period of about thirty years. Further improvements are very important, but unfortunately at the moment there is no new idea which could lead to fast improvements in the near future. However, we think that by measuring the chirality c of the processes, we may have an improvement in the study of electromagnetic properties of neutrinos.
An example is the modeling of neutrinos propagation during core-collapse supernovae where very strong magnetic fields are believed to exist and in which the influence of neutrino electromagnetic properties has not yet been taken into account. Equation (20) is well suited to study the electromagnetic properties of neutrinos and Majorana particles [15, 28, 29] such as charge conjugation and time reversal, allowing for an experimental study of our Equations (16a) and (b).
Conclusions
In the present article we have shown that Maxwell equations can be written in the same form as the two component Dirac and neutrino equations, that is the vector representation of electromagnetic theory was factorized into a pair of two-component spinor field equations. We proposed a simple approach with the electric field E parallel to the magnetic field H . Our analysis is based on the chiral or Weyl form of the Maxwell equations in a chiral vacuum. This theory is a new quantum mechanics (QM) interpretation for Dirac and neutrino equation. Our research proves that the QM of particles represents the electrodynamics of the curvilinear closed chiral waves.
The two-component Majorana equation, coming in two related forms (16a) and (16b) that are connected by a spin flip, represents the simplest possible covariant relativistic wave equation for a massive but uncharged fermion. The Dirac equation was directly derived by linearization of Equation (8), a procedure which leads to (11a, b) without explicit recourse to the Dirac theory. An important characteristic of neutrino electromagnetic properties is that they are different for Dirac and Majorana neutrinos. In particular, Majorana neutrinos cannot have diagonal magnetic or electric moments. Thus, studies of neutrino electromagnetic interactions from Equations (16a, b) can be used as a procedure to distinguish whether a neutrino is a Dirac or Majorana particle.
Moreover, CP invariance in the lepton sector puts additional constraints on the neutrino form factors and can be tested with experimental probes of neutrino electromagnetic interactions.
Also, our approach is related precisely to the polarization of photons so this theory may be important on study of uncertainly relations, specifically in the setting of quantum information and quantum cryptography, [30, 31] , related with the polarization of a single photon. Our approach is related precisely linked to the polarization of photons, (See Equations (11a, 11b) and (21, 22)). Also, our theory lends itself to study mass generation in graphene devices.
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